INTRODUCTION {#sec1-1}
============

Epidemiological and clinical intervention data indicate that low levels of circulating lipids and cholesterol are risk factors for depressive symptoms. An association of low cholesterol and an act of self-harm has also been described.\[[@ref1][@ref2]\] Previous studies show that, subjects treated for prevention of coronary artery disease with low levels of serum cholesterol have high mortality due to suicides, accidents and homicidal violence compared with control group.\[[@ref3][@ref4]\] However, two large population based study from Finland had findings contrary to that of above studies, i.e., subjects having high cholesterol were having depressive symptoms.\[[@ref5][@ref6]\] Low serum cholesterol was associated with low mood and increased risk of hospitalization due to depressive illness.\[[@ref7][@ref8]\] Total serum cholesterol has been highly significantly synchronized with the annual rhythms in violent suicide deaths. There were significant inverse time-relationships between the time series of violent suicide rate and L-tryptophan, total cholesterol (TC), CD4+/CD8+ T cell ratio and number of CD20+ B cells.\[[@ref9]\] Men whose serum cholesterol concentration decreased by more than 0.13 mmol/l a year had multivariate adjusted relative risk of 2.17 for suicide compared with those whose cholesterol remained stable.\[[@ref10]\] Other studies found no significant differences in lipid concentrations of triglyceride (TG), TC, high density lipoprotein (HDL), low density lipoprotein (LDL) among the depressed and non-depressed groups.\[[@ref11][@ref12]\] In a study on depressed patients in a psychiatric inpatient unit, no correlation was found between serum cholesterol levels and depression.\[[@ref13]\] A 5 year intervention program aimed at reducing cholesterol levels reported improvement in hostility and depression scores in relation to dietary changes and lowering cholesterol.\[[@ref14]\] Above findings, show that the relation between cholesterol and depression is complex, which requires further exploration. The above studies also suffered from methodological lacunae such as heterogeneity in sampling and lack of healthy matched (age and sex) control.

There are differences in metabolism between Indian and the Western population as Asian Indians compared with Caucasians have higher body fat, waist to hip ratio, intra-abdominal and subcutaneous fat while lesser average body mass-index (BMI), waist and hip circumference and muscle mass.\[[@ref15]\] As there has been a paucity of Indian studies on this area a need was felt for a study to assess the serum cholesterol levels in patients of depression in Indian perspective. So this study was planned to study and compare serum lipid profiles in depressed subjects with that in normal controls.

We hypothesized that the serum cholesterol level is lower in patients with depression than that of healthy controls.

The aim of the present study was to determine serum TG, TC, HDL-cholesterol and LDL-cholesterol levels in Indian patients with depressive episode and healthy controls.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

Thirty drug naive patients of age group 18-65 years, diagnosed as having depressive episode (first episode depression) by International classification of diseases, tenth revision, diagnostic criteria for research (ICD-10-DCR)\[[@ref16]\] were included in this study from the Department of Psychiatry of a tertiary-care hospital in North-India (All India Institute of Medical Sciences, New Delhi). For this non-randomized and non-stratified sampling was performed. Thirty age and sex matched healthy control subjects were selected from non-blood relatives of patients. Informed consent was obtained prior to inclusion on the study and the subjects were explained in detail about the nature and purpose of the study. Clearance from institute ethics committee was taken.

The controls were of either sex, aged between 18 and 65 years, had no current psychiatric diagnosis, scored less than 2 on General Health Questionnaire (GHQ), receiving no psychotropic medication and had no alcohol or substance dependence disorder, other than nicotine.

The exclusion criteria for both subjects and controls were:

Current history of substance abuse (except nicotine), borderline personality disorder, psychosis or eating disorder.Persons having known history of dyslipidemia.Persons who are under any treatment or diet or having illness known to interfere with lipid metabolism.

Assessment {#sec2-2}
----------

Diagnosis was made clinically by The ICD-10-DCR. Socio-demographic data and clinical details were recorded. The height and weight of the patient was measured. The BMI was calculated using the formula:

BMI = Weight/height^2^ (kg/m^2^)

Laboratory investigations {#sec2-3}
-------------------------

All the subjects and controls underwent estimation of their serum cholesterol, LDL and HDL cholesterol, serum TG levels. A fasting blood sample was taken in plain tube without anticoagulant for measurement of TC, HDL and TG by standard enzymatic method. The samples were stored at −70°C until analysis. Serum cholesterol was estimated by cholesterol oxidase method, TG by enzymatic hydrolysis and HDL cholesterol by phosphotungstate-magnesium chloride precipitation method. LDL cholesterol was calculated using Friedwald formula, i.e., LDL cholesterol = Serum TC − (TG/5 − HDL cholesterol).

Hamilton rating scale for depression (HRSD) {#sec2-4}
-------------------------------------------

Depression was assessed through HRSD. It was originally published in 1960 by Max Hamilton and is presently one of the most commonly used scales for rating depression in medical research. It is a 21-question multiple choice questionnaire rated on 0-4 Likert scale used to rate the severity of depression.\[[@ref17]\]

GHQ-12 {#sec2-5}
------

The GHQ is a distress and well-being scale to measure psychological morbidity in normal population. The items were rated on a four point Likert Scale (0-3) of less than usual, no more than usual, more than usual and much more than usual. However, while computing the scores, each item is scored as 0 or 1 (0-0-1-1). Thus the total score varies from 0 to 12. A case score above 2 is considered as reflecting recognizable psychological problems. The Hindi version of GHQ-12 was standardized and was found to be quite sensitive, reliable and valid instrument for screening psychiatric patients.\[[@ref18]\]

Statistics and ethical aspects {#sec2-6}
------------------------------

Data analysis was carried out using SPSS 15. Baseline data between two groups were compared with Chi-square test/Fisher\'s exact test for categorical variables. Serum lipid profiles were compared between two groups after adjusting for BMI. For this general linear model analysis of covariance test was applied. The correlation was calculated using Pearson correlation coefficient. The *P* values were two tailed and probability level for significant difference was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Socio-demographic characteristics {#sec2-7}
---------------------------------

The mean age in study group was 32.47 ± 11.41 years while it was 32.63 ± 11.20 years for the control group. Males constituted 63.3% of the sample both in study as well as control group. There was no difference in age and sex distribution between study group and control group as the controls were selected as age and sex matched. Nearly 56.7% individuals of the sample were married and there was no difference in marital status between study group and control group. Twenty percent of the study sample were unemployed whereas all the controls were employed. There was significant difference in employment status between two groups (*P* = 0.024). The mean BMI in 30 subjects of patient group was 23.11 ± 1.87 kg/m^2^, while it was 21.85 ± 1.9 kg/m^2^ in control group. The difference in BMI between two groups was significant (*P* = 0.006). The socio-demographic variables have been shown in [Table 1](#T1){ref-type="table"}.

###### 

Socio-demographic and other variables
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Clinical variables of patients {#sec2-8}
------------------------------

The duration of illness in patient group ranged from 20 days to 2 years with a mean of 4.97 ± 4.67 months. The minimum HRSD score was 10 and the maximum score was 27 with a mean of 18.43 ± 3.96. In the study group, there were 6 patients of mild depression, 20 of moderate and 4 patients of severe depression.

Serum lipid profiles {#sec2-9}
--------------------

The mean LDL cholesterol of 30 patients in study group was 103.73 ± 33.47 mg/dl while it was 140 ± 63.1 mg/dl for 30 subjects of group. The mean HDL cholesterol of 30 subjects in study group was 45.17 ± 10.39 mg/dl while it was 44.67 ± 6.41 mg/dl for 30 subjects of control group. The mean TC of 30 subjects in study group was 173.23 ± 39.23 mg/dl while it was 211.77 ± 70.49 mg/dl for 30 subjects of control group. There was no co-relation between serum cholesterol level and severity of depression (*P* = 0.641).

To eliminate BMI as a confounding factor, serum lipid profiles between cases and controls were compared by adjusting BMI. After that the results are as follows.

The TC and LDL cholesterol levels were significantly low in the study group than the control group. There was no significance difference in HDL cholesterol and TG levels between study group and control group.

The serum lipid profile values of cases and controls have been shown in [Table 2](#T2){ref-type="table"}.

###### 

Comparison of serum lipid profiles between study and control group
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DISCUSSION {#sec1-4}
==========

In our study, when serum TC and LDL cholesterol levels were compared between study group and control group after adjusting for BMI, the levels were found to be significantly lower in study group than control group. This was in keeping with the earlier literature.\[[@ref7][@ref19][@ref20]\]

The cholesterol-serotonin hypothesis was initially proposed to explain the link between low cholesterol levels and depression. This hypothesis states that reduction of serum TC may decrease brain cell membrane cholesterol and thereby lowering microviscosity of the cell membrane and subsequently decreasing the exposure of protein serotonin receptor on the membrane surface resulting in poorer uptake of serotonin from blood and less serotonin into brain cells leading to depression.\[[@ref3]\] This hypothesis was also testified in Juvenile cynomolgus monkeys. Monkeys that consumed a low-cholesterol diet were more aggressive and had lower cerebrospinal fluid concentrations of 5-hydroxyindoleacetic acid (HIAA) (a measure of brain serotonergic activity) than did their high cholesterol counterparts.\[[@ref21]\] However, again studies show contradictory findings. Hibbeln *et al*., 2000\[[@ref22]\] did not find significant co relation between plasma cholesterol levels and 5-HIAA. In view of this finding, they proposed that omega-3 fatty acids may play a role.

An alternative view states that brain serotonin is synthesized from tryptophan in the brain and not sequestered from the blood. It has been hypothesized that the association between low cholesterol levels and violent deaths may be a risk at the initial stage of cholesterol-lowering treatment, which may occur if the treatment is introduced too rapidly or it occurs only in the presence of extremely lowered levels.\[[@ref23]\] Maes *et al*.\[[@ref24]\] did not find any significant differences in total or free cholesterol concentrations between depressive patients, their relatives and normal controls. However, depressed subjects and relatives of depressed subjects had a significantly lower esterified cholesterol ratio than normal controls. So they hypothesized that lower esterification in serum cholesterol may constitute a vulnerability factor for depression through alterations in cell membrane microviscosity.

Low serum cholesterol in depression could be a consequence of depression because of their poor health and decreased food intake. And also treating depression has been shown to increase serum cholesterol concentration.\[[@ref25]\] Papakostas *et al*.\[[@ref26]\] have proposed that both elevated and low cholesterol levels may be associated with serotonergic dysfunction. The positive correlation between depression and coronary artery disease is well-established. There is evidence of hypothalamo-pituitary-adrenal axis hyperactivity in depression, which can cause hypercortisolemia, which further can induce hypercholesterolemia and hypertension and thereby increasing the risk for coronary heart disease.\[[@ref27]\] So as per result of our study, i.e. low cholesterol is associated with depression, it would be difficult to interpret the relation between depression and coronary heart disease. However, studies have also shown that subjects having high cholesterol were having depressive symptoms.\[[@ref5][@ref6]\] These two studies were population based studies having large sample size.\[[@ref5][@ref6]\]

In our study, there was no significant difference in HDL cholesterol between study group and control group even after adjusting for BMI. This differs from earlier studies, which had shown that serum HDL cholesterol was significantly lower in subjects with major depression than normal controls.\[[@ref28][@ref29]\]

The possible explanation could be as follows:

In the study by Maes *et al*.,\[[@ref28]\] out of 36 patients they recruited, 28 were treatment resistant. After admission, the patients were kept drug free for a wash out period of 10 days. In our study, the patients taken were either drug naïve or on same psychotropics for last 6 weeks. In our patient group none of patients were found to be treatment resistant on detailed clinical assessment. In the study by Lehto *et al*.,\[[@ref29]\] the study population had a long history of 7-year of depressive symptoms, which is much more than that of our study population, which had only a brief duration of depressive illness (mean = 4.97 months). In a recent study by Lehto *et al*.\[[@ref30]\] shows that, major depressive disorder (MDD) subjects with a long symptom duration (≥3 years) had lower levels of HDL-C compared with healthy controls or MDD subjects with a symptom duration \<3 years. Another study by Zhang *et al*.\[[@ref31]\] had found a lower HDL cholesterol level to be significantly correlated with suicidal attempts. However, in our study sample there was no history of suicidal attempt in any patient. One recent study shows, the dissimilarities in HDL cholesterol level between current MDD versus remitted MDD and controls lost statistical significance when adjusted for possible confounding factors especially BMI.\[[@ref32]\]

There were no significant differences in serum TG between cases and control group, which is in line with earlier literature.\[[@ref11]\] However, the study by Lindberg *et al*., 1992\[[@ref33]\] found that the serum TG value was lower in those who reported depressive symptoms during the past 6 months in women, but not in men. In this study, they included subjects with self-reported depressive symptoms, not the syndromal diagnosis of MDD. There are some limitations of our study. Tobacco dependency was not excluded. No investigations were carried out to rule out medical illness. Family, history of depression and family history of illness having effect on lipid profiles, which could confound the result, were not assessed.

This work is an attempt to correlate the relation between serum cholesterol and depressive disorder. There are also wide variations in the results of the earlier studies. The above discussion shows that there is a need for more studies on this subject taking representative sample of depressive illness in the community taking care of all the variables and preferably in a totally drug naïve patient group. This has also implications in treatment of hypercholesterolemia and coronary artery diseases.
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